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For microcontroller applications which require more 
than one serial port, the 83C51FA Programmable 
Counter Array (PCA) can implement additional half- 
duplex serial ports. If the on-chip UART is being used 
as an inter-processor link, the PCA can be used to in- 
terface the 83C51FA to additional asynchronous lines. 

This application uses several different Compare/Cap- 
ture modes available on the PCA to receive or transmit 
bytes of data. It is assumed the reader is familiar the 
PCA and ASM51. For more information on the PCA 
refer to the "Hardware Description of the 83C51FA" 
chapter in the Embedded Controller Handbook (Order 
No. 210918). 



Introduction 

The figure below shows the format of a standard 10-bit 
asynchronous frame: 1 start bit (0), 8 data bits, and 1 
stop bit (I). The start bit is used to synchronize the 
receiver to the transmitter; at the leading edge of the 
start bit the receiver must set up its timing logic to 
sample the incoming line in the center of each bil. Fol- 
lowing the start bit are eight data bits which are trans- 
mitted least significant bit first The stop bit is set to the 
opposite state of the start bit to guarantee that the lead- 
ing edge of the start bit will cause a transition on the 
line. It also provides a dead time on the line so that the 
receiver can maintain its synchronization. 

Two of the Compare/Capture modes on the PCA are 
used in receiving and transmitting data bits. When re- 
ceiving, the Negative-Edge Capture mode allows the 
PCA to detect the start bit. Then using the Software 
Timer mode, interrupt., are generated to sample the In- 
coming data bits. This same mode is used to clock out 
bits when transmitting. 

This Application Note contains four sections of code: 

(1) List of variables 

(2) Initialization routine 



(3) Receive routine 

(4) Transmit routine 

A complete listing of the routines and the test loop 
which was used to verify their operation is found in the 
Appendix. A total of three half-duplex channels were 
run at 2400 Baud m the test program. The listings 
shown here are simplified to one channel (Channel 0). 



Variables 

Listing 1 shows the variables used in both the receive 
and transmit routines. Flags are defined to signify the 
status of the reception or transmission of a byte 

(e.g. RCV START BIT, TXM START BIT). 

RCV_BUF and TXM BUF simulate the on-chip se- 
rial port SBUF as two separate buffer registers. The 

temporary registers. RCV REG and TXM REG, 

are used to save bits as they are received or transmitted. 
Finally, two counter registers keep track of how many 
bits have been received or transmitted. 

Variables are also needed to define one-half and one- 
full bit times in units of PCA timer ticks. (One bit time 
= 1 / baud rate.) With the PCA timer incremented 
every machine cycle, the equation to calculate one hit 
time can be written as: 



Osc Freq 



= 1 bit lime (in PCA timer ticks) 



(12) (baud rate) 
In this example, the baud rate is 2400 at 16 MHz 



16 MHz 
(12) (2400) 



- 556 counts 22c Hex 



The high and low byte of this value is placed in the varia- 
bles FULL — BIT— HIGH and FULL_BIT_LOW, 
respectively. 115H is the value loaded into 
HALF— BIT— HIGH and HALF — BIT — LOW 



10- BIT FRAME - 
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Listing I, Variables used by the software serial port. Channel 



[ 



Receive Routine 



RCV START BIT 


BIT 


20H 





I 


Indicates start bit 












has been received 


RCV DONE 


BIT 


20H 


1 


I 


Indicates data byte 










; 


has been received 


RCV BUF 


DATA 


30H 




\ 


Software Receive 












"SBUF" 


RCV REG 


DATA 


31H 




; 


Temporary register 












for receive bits 


RCV COUNT 


DATA 


32H 






Counter for receiving 












bits 


; Transmit Routine: 










TXM START BIT 


BIT 


20H 


3 




Indicates start bit 












has been transmitted 


TXM IN PROGRESS 


BIT 


20H 


4 




Indicates transmit is 












in progress 


TXM BUF 


DATA 


34H 






Software transmit 












"SBUF" 


TXM REG 


DATA 


35H 






Temporary register 












for transmitting bits 


TXM COUNT 


DATA 


35H 






Counter for transmit- 












ting bits 


DATA— 


DATA 


37H 






Register used for the 












test program 


NEG EDGE 


EQU 


11H 






Two modes of operatior 


S__W__TIMER 


EQU 


49H 






for compare/capture 












modules 


Half bit high 


EQU 


01H 






Half bit time - 115H 


HALF BIT LOW 


EQU 


15H 








FULL-BIT-HIGH 


EQU 


02H 






Full bit time = 22CH 


FULL-BIT-LOW 


EQU 


2CH 






2400 Baud at 1 6 MHz 



int^r 
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Initialization 

Listing 2 contains the intializalion code for the receive and transmit process. Module of the PCA is used as a 
receiver and is first set up to detect a negative edge from the start bit. Modules 2 and 3 are used for the additional 2 
channels (see the Appendix). Module J is used as a separate software timer to transmit bits. 



Listing 2. Initialization Routine 



ORG OOOOH 

LJMP INITIALIZE 

ORG 01BH 

LJMP RECEIVE- DONE 

ORG 0033H 
LJMP RECEIVE 

INITIALIZE: MOV SP, #5FH 

INIT_PCA: MOV CMOD, #0 0H 

MOV CCON, #0 0H 

MOV CCAPMO, #NEG_EDGE 

MOV CCAPM3 r #S_W^TIMER 

MOV CL, #0 0H 
MOV CH, #0 0H 
MOV IE, #0D8H 

SETB CR 



T liner 1 overflow - 
simulates "PI" interrupt 

PCA interrupt 

Initialize stack pointer 
(specific to test program) 
Increment PCA timer 
@ 1/12 Osc Frequency 
Clear all status flags 
Module in negative-edge 
trigger mode (PI. 3) 
Module 3 as software tiser 
mode 



Init all needed interruots 
EA, EC, ES, ETi 
Turn on PCA Counter 



All flags and registers from Listing 1 should be cleared in the initialization process. 



Receive Routine 

Two operating modes of the PCA are needed to receive bits. The module must first he able to detect the leading edge 
of a start bit so It is initially set up to capture a l-to-0 transition (i.e. Negative-Edge Capture mode). The module is 
then reconfigured as a software timer to cause an interrupt at the center of each bit to deserialize the incoming data. 
The flowchart for the receive routine is given in Figure I. 
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c 



PCA interrupt 




Set receive 
done flag 



Generate "Rl" 
interrupt 



Reconfigure PCA 

module to 
capture 1 " 

transitions 



Clpqr 
status flags 



C 



Figure 1. Flowchart for the Receive Routine 
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Listing 3.1 shows the code needed to detect a start bit. Notice that the first software timer interrupt will occur one- 
half bit time after the leading edge of the start bit to check its validity. If it is valid, the RCV START BIT is set. 

The rest of the samples will occur a full bit time later. The RCV COUNT register is loaded with a value of 9 which 

indicates the number of bits to be sampled: 8 data bits and 1 stop bit. 



Listing 3.1. Receive Interrupt Routine 



RECEIVE: PUSH ACC 
PUSH PSW 



MODULE-0: CLR CCFO 



; Assume reception on 
; Module 

MOV A, CCAPMO ; Check mode of module. It 

ANL A, #01111111B ; set up to receive negative 

CJNE A,#NEG_EDGE, RCV_START_0 ; edges, then module 

; is waiting for a start bit 



CLR C 

MOV A, #HALF_BIT_LOW 

ADD A, CCAPOL 

MOV CCAPOL, A 

MOV A, #HALF_BIT_HIGH 

ADDC A, CCAPOH 

MOV CCAPOH, A 

MOV CCAPMO, #S_W_TIMER 

POP PSW 

POP ACC 

RETI 



Update compare/capture 
registers for half bit time 
to sample start bit 
Half bit time . 115H 



Reconfigure module as 

a software timer to sample 

bits 



RCV_START_Or CJNE A, #S_W TIMER. 



JB RCV_START_BIT_ 
JB PI . 3, ERROR— O 
SETB RCV_START_BIT_0 
MOV RCV COUNT 0, #0 9H 



ERROR— ; Check module is 
; configured as a software 
; timer, otherwise error. 
RCV_BYTE_0 ; Check if start bit 
; is received yet. 
; Check that start bit = 0, 
; otherwise error 
; Signify valid start bit 
; was received 

Start counting bits sampled 



CLR C 

MOV A, #FULL_BIT_LOW 

ADD A, CCAPOL 

MOV CCAPOL, A 

MOV A, #FULL — BIT — HIGH 

ADDC A, CCAPOH 

MOV CCAPOH, A 

POP PSW 

POP ACC 

RETI 



Update compare/capture 
registers to sample 
incoming bits 
Full bit time - 22CH 



5 



inteT 



AB-41 



The next 8 timer interrupts will receive the incoming data bits: the RCV COUNT register keeps track of how many 

bits have been sampled. As each bit is sampled, It is shifted through the Carry Flag and saved in RCV__REG. The 
ninth sam le checks the validity of the stop bit. If it is valid the data byte is moved into RCV BUF. 



The main routine must have a way to know that a byte has been received. With the on-chip UART, the R( (Receive 
Interrupt) bit is set whenever a byte has been received For the software serial port, any unimplemented interrupt 
vector can be used to generate an Interrupt when a byte lias been received. This routine uses the Timer I Overflow 
interrupt (its selection is arbitrary). A routine to test this Interrupt is included in the listing in the Appendix. 



Listing 3.2. Receive Interrupt Routine (Continued) 



RCV BYTE 0: DJNZ RCV COUNT 0, RCV 



RCV_STOP_0r JNB PI.?, ERROR_0 

MOV RCV BUF 0, RCV REG 



SETB RCV_DONE_0 
SETB TFl 



MOV CCAPMO, f)NEG_EDGE 

POP PSW 
POP ACC 
RET I 

RCV_DATA_0: MOV C, PI. 3 

MOV A, RCV_REG_0 
RRC A 

MOV RCV_REG_0, A 
CLR C 

MOV A, #FULL-BIT-LOW 

ADD A, CCAPOL 

MOV CCAPOL, A 

MOV A, $FULL— BIT— HIGH 

ADDC A, CCAPOH 

MOV CCAPOH, A 

POP PSW 

POP ACC 

RETI 



DATA_0 ; On 9th sample, 

; check for valid stop bit 

D ; Save received byte in 
; receive "SBUF" 
; Flag which module received 
; a byte 

' Generate an interrupt so 
; main program knows a hytc 
' nas been received 
■ (Note: selection of TFl :s 
' arbitrary) 

; Reconfigure module tor 
; Reception of a start bit 



; Sampling data bits 

; Shifts bits thru CY into 

; ACC 

; Save each reception in 

; temporary register 

; Update c/c register for 

; next sample time 



III addition, an error routine (Listing 3.3)is included for invalid start or slop bits to offer some protection against 
noise. If an error occurs, the module is re-initialized to look for another start bit 



Listing 3.3 Error Rouliuefor Receive Routine 



ERROR-G: MOV CCAPMO, #NEG_EDGE ; Resel module to look for 

; start bit 

CLR RCV_START_BIT_0 ; Clear flags which might 

; have been set 

POP PSW 
POP ACC 
RETI 
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Transmit Routine 

Another PCA module is configured as a software timer to Interrupt the CPU every bit time. With each timer 
Interrupt one or more hits can be transmitted through port pins. In the test program three channels were operated 
simultaneously, but in the listings below, one channel is shown for simplicity. The selection of port pins is user 
programmable. The flowchart for the transmit routine is given in Figure 2. 

I 1 




5tgrt bit 



T 



Set stgri Bit. 
tronsmilted 
flog 




prograss flog 



I 



Add 1 bit 

compare /capture 
regislers 

270531-3 



Figure 2. Flowchart for the Transmit Routine 

When a byte is ready to he transmitted, the main program moves the data byte into the TXM BUF register and sets 

the corresponding TXM IN PROGRESS bit. This bit informs the inlerrupt routine which channel is transmit- 
ting. The data byte is then moved in the storage register TXM REG, and the TXM COUNT is loaded. This main 

routine is shown in Listing 4. 1 

Listing 4.1 Transmit Set Up Routine. Channel 



TXM_ON_0: CLR TXM_START_BIT_0 ; Clear status flag from 

; previous transmission 

MOV TXM_BUF 0, DATA_0 ; Load "SBUF" with data byte 
MOV TXM_REG~0, TXM_BUF_0 

MOV TXM_COUNT_3, #09 ; 8 data bits + 1 stop bit 
SETB rXM_IN_PROGRESS_0 

270531-9 
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Listing 4.2 shows the transmit interrupt routine. The first time through, the start bit is tranrmitted. As each 

successive interrupt outputs a bit, the contents of TXM REG is shifted right one place into the Carry flag, and the 

TXM— COUNT is decremented. When TXM — COUNTequals zero, the stop bit is transmitted. 

Listing 4.2. Transmit Interrupt Routine 



' TRANSMIT : PUSH ACC 
PUSH PSW 
CLR CCF3 



Clear s/w timer interrupt 
; for transmitting bits 
JNB TXM_IN_PROGRESS_0, TRANSMIT — 1 ; Check which 

channel is transmitting. 
"TRANSKIT-1" is listed in 
the Appendix 



TRANSMIT 0: JB TXM START BIT 0, 



SETB TXM_ START_BIT_0 
JMP TXM-EXIT 



TXM_BYTE_0 ; If start bit 
; has been sent, continue 
; transmitting bits. 
; Otherwise transmit start 
; bit 

; Signify start bit sent 



TXM_BYTE_0: DJNZ TXM_COUNT_0, TXM_DATA_0 ; If bit count 

/ eguals 1 thru 9, transmit 
; data bits (8 total) 

; When bit count = 0, 
transmit stop bit 
Indicate transmission is 
finished and ready for 
; next byte 



TXM_STOP_0: SETB P3.2 

CLR TXM_IN_PROGRESS_0 

JMP TXM-EXIT 

TXM REG 



TXM_DATA_ : MOV A 
RRC A 

MOV P 3 . 2 , C 

MOV TXM_REG_0, A 

TXM_EXIT: CLR C 

MOV A, #FULL-BIT-LOW 

ADD A, CCAP3L 

MOV CCAP3L, A 

MOV A, #FULL — BIT — HIGH 

ADDC A, CCAP3H 

MOV CCAP3H, A 

POP PSW 

POP ACC 

RET I 



; Transmit one bit at a time 

; through the carry bit 

; Save what's net been sent 

; Update compare value with 

; Full bit time = 22CH 



Conclusion 

The aoftware routines in the Appendix can be altered to vary the baud rate and number of channels to lit a particular 
application. The number of channels which can be implemented is limited by the CPU time required to service the 
PCA interrupt. At higher baud rates, fewer channels can be run. 

The test program verifies the simultaneous operation of three half-duplex channels at 2400 Baud and the on-chip 
full- duple A channel at 9600 Baud. Thirty-three percent of the CPU time is required to operate all four channels. The 
test was run for several hours with no apparent malfunctions. 
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APPENDIX 
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UCS-51 MCRO ASSEMBLER 





LINE 


CTf TOTE 


0030 


199 


RCV BLF 


0040 


900 


n^V DVT 1 


0050 


201 


fs^, v our c 




202 




0031 


203 






201 




0051 




OpV — Dpi" - 7 








. 




d^u m mt ft 
KLV UHJLN1 U 




one 

2,1)6 


KLV LUUN1 1 






KLV LUUfll L 




L i U 

211 


Count o 


nnit t 


212 


COUNT— 1 


UU3 J 




C0UNT~2 




71 *1 




nni i 
rmi a 


01 ^ 






t!t 


C [j~T T ur D 




21/ 






218 


HALr rill LU" 


rnfi i 




HAI F7DIT UliriLI 


n n n V 


--' 


F'JLL - BIT_L0W 


UUU^ 




FULL - BIT HIGH 




777 






221 






224 


f 




225 






226 






227 


; 




228 






229 




0036 75815F 


230 


INITIALIZE* 




21 1 




0039 75D900 


212 


INIT PCA: 


003C 75DS00 


233 




003F 75DA11 


^14 




0042 75DB11 


915 




0045 75DC11 


236 






237 




004 B 75E900 


238 




004B 75F900 


239 




004E 75A8D8 


240 




0051 D2DE 


241 






242 




0053 759B50 


243 


INIT_SP: 


0056 75CBFF 


244 




0059 75CACC 


245 




005C 75CB34 


246 






247 






248 




005F C200 


249 


I NIT_FLAGS : 


0061 C208 


250 




0063 C210 


251 






252 




0065 C201 


253 





thta 
mrA 
thta 

thta 
thta 
tkta 

thta 
thta 
thta 

DATA 

thta 
tkta 

EQD 

BQU 

EQU 
EQU 



308 

S0H 

31K 
4 Iff 
51H 

32H 
42K 

52H 

33H 
4 3H 
53H 

11H 
4 9H 

15H 
01H 
XH 

Q2H 



INITIALIZATION 



MOV SP, I5FH 

MOV CMOD, (0 OH 

nov CCON, (00H 

NOV CCAPM0, INEG EDCE 

MOV CCAPH1, |NEG~EDGE 

nov CCATM2, inegt:dge 

nov CL, (0 OH 

nov CH, I00H 

MOV IE, I0D8S 

SETB CR 

MOV SCON, 1 5 OH 
MOV RCM2K, (0FFH 
MOV RCAP2L, (0CCH 
[TV T2CON, I34H 



OR RCV START BIT 
OR RCV~START-BIT"1 
OR RCTTSTART^BIT^ 

OR RCV DONE 



01/01/80 RCE 2 



; Software receive "SBUF* 



; Temporary register for 
; receiving bits 



; Counter for receiving bits 



r Used in test program to check 
; bytes being received 

i Two modes of operation for the 
; Compare/Capture modules 

; Half bit time = 115H 

; Full hit time = 22CH 

f 2400 Baud 8 16MHz 



; Initialize stack ointcr 

poin pr0 g 

/ IiwreaifM FOAthpoJes! \nin®& 

; Clear all status flags 

; nodule in Neg-cdgc capture mode 

; nodule 1 (PI. 4 

; nodule 2 PI. 5 



; Serial port in mode 1 18-Bit UART) 

; Reload values for 9600 Baud 3 16 Hflz 

; Timer 2 as a baud-rate generator, 

; turn on timer 2 
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MCS-51 MACRO ASSEMBLER SWPORT 



01/01/80 PAGE 



00C1 C212 
00C3 0553 
00C5 80DA 

O0C7 C2B2 
O0C9 75DA0O 
OOCC 80DF 

OOCE C2B3 
OODO 75DB0O 
00D3 60E4I 

00D5 C2B4 
00D7 75DC0O 
OODA 80CS 



CODC COED 
ODDhl CODO 

ODEO 20D811 
00E3 200908 
OOES 20DA08 
O0E9 DODO 
OOEB DOEO 
OOED 32 

OOEE 02016C 
O0F1 0201E4 



00F4 C2D8 
OOFS E5DA 
OOFS 541F 
OOFA B41115 

OOFD C3 
OOFE 7415 
01OO 25EA 
0102 F5EA 
0104 1401 
0106 35FA 
0108 F5FA 
010A 75DA49 

01 on DODO 
010F DOEO 



309 
310 

311 
:<:2 
313 
314 
315 
31G 
311 
318 
319 
320 
321 
322 
323 
374 
325 
326 
321 
328 
329 
330 
331 
332 
333 
334 
335 
336 
331 
338 
339 
340 
341 
342 
343 
344 
345 
346 
341 
348 
349 
350 
351 
352 
353 
354 
355 
356 
351 
358 
359 
360 
361 
362 
363 



JUMP 1: 
JUMP"2: 



CLR RCV ON 2 
INC COURT 2 
JHP CHECKED 

CLR P3.2 

MOV CCAPHO, IOOH 

JOP CHECK_1 

MOV CCAPM1, (0011 
JMP CHECK_2 

CLR P3.4 

MOV CCAPM2,. IOOH 

JMP CHECK- 



; Error in comparison on module C* 
; Discontinue receiving bytes 



Error in comparison on module 1 
Error in comparison on module 2 



PCA 1RCSRRC?: ROUSCINE ■ RECEIVE BITS 



PUSH ACC 
PUSH PSH 

JB CCFO, MODULE 
JB CCF1, JUMP l - 
JB CCF2, JUMP _ 2 

POP PSW 
POP ACC 
RET I 

LJNP MODULE 1 
LJNP MODULE - ? 



Check which module caused 
PCA Interrupt and jump to 
appropriate routine 



CLR CCFO 

HOV A CCAPHO 

ANL A| 101111111b 

CJNE A, INEG_EDGE, RCV_START_0 

CLR C 

HOV A, I HALF BIT LOW 

ADD A, CCAPOL 

MOV CCAPOL, A 

MOV A, I HALF BIT HIGH 

ADDC A, CCAPOH " 

MOV CCAPOH, A 

MOV CCAPMO, IS_»_TIHER 

POP PSW 

POP ACC 



Reception on module O 

Check mode of module. If set up to 
receive negative edges, then module 
is waiting for a start bit 

Update Compare/Capture registers for 

half a bit time 

to sample start bit 

Half bit time . 115H 



Reconfigure module as 

a software timer to sample bits 



(1CS-51 MACRO ASSEMBLER 



swe : oh: 



01/01/80 PAGE 



LOC 




LINE 


■ , 


■"- 








_'■ 1 


1 U 


B4 4 9<ib 


366 






361 


0115 


20001A 


368 






369 


1 1 & 


209345 


3i$ 


01 IB 


D200 


372 






373 


1 1 D 


753209 


37 4 






375 


0120 


C3 


376 


C121 


142C 


377 


C 1 2 3 


25KA 


378 


012^ 


F5EA 


379 


0127 


7^0^ 


380 


C 1 2 ^ 


33FA 


381 


012& 


F5FA 


382 


1 2D 


::odc 


383 


Q12F 


doeo 


384 


0131 


32 


385 






386 


0132 


D5321 2 


38 7 


013 5 


309328 


389 


0138 


853130 


tq? 


1 3B 






01 3D 


D28F 


332 












TO/ 


U 1 Jr 


' jUAI 1 














107 


U14 b 


51 








399 


0147 


A293 


130 


0149 


£531 


101 


014B 


13 


102 


OHC 


F53L 


103 






104 


one 


C3 


105 


OHf 


142C 


406 


0151 


25EA 


407 


0113 


F5EA 


408 


015 5 


1402 


409 


0151 


35FA 


110 


0159 


F5FA 


111 


Q15B 


DODO 


412 


1 5D 


D0E0 


113 


015F 


32 


414 






415 


0160 


C2B5 


116 






417 



RCV START 0: 



RCV_BYTE_0: 
RCV STOP 0: 



REII 

CJXE A, IS_W_TIMER, ERROR- 
JB RCV_START_BIT_0, RCV BYTE 
JB PI. 3, ERROR_0 
SETB RCV_STAKT_BIT_0 
MOV RCV_COUNT_0, I09H 
C],R C 

MOV A, IFULL BIT-LOU 
ADD A, CCAPOL 
MOV CCAP0L P A 

MOV A, IFULL BIT HIGH 

ADDC A, CCAPOH 

MOV CCAPOH, A 

POP PSY 

POP ACC 

RET I 

DJNZ RCV_COUNT_0, RCV^DATAO 

JNB PI. 3, ERROR 

MOV RCV BUF 0, RCV REG 

SETB RCV DOFJE 

SETB TF1 



MOV CCAPM0, fNEG EDGE 

POP PSW 
POP ACC 
RET I 

nov c f PI . 3 

MOV A, RCV REG0 

RRC A 

MOV RCV_REG_0, A 

CLR C 

MOV A, I FULL BIT_LOW 

ADD A r CCAPOL 

MOV CCAPOL, A 

MOV A, IFULL BIT HIGH 

ADDC A, CCAPOH ~ 

MOV CCAPOH. A 

POP PSW 

POP ACC 

RET1 



CLR P3.5 



Check module is . configured 

as a software timer, otherwise error 

Check if start bit 

has been received vet 

Check that star L bit = 0, 

otherwi se r^rror . 

Signify valid start bit 

«3R rece i ved 

Start counting bits sampled 

Update C/C registers to sample 

incoming bits 

Full bit time = 22CH 



&aiStihstampbat check for 



Save received byte in receive "SBUF" 
Flag which module received a byte 
Generate an interrupt so main program 
knows a byte has been received 

(NOTE: selection of TF1 is arbitrary} 
Reconfigure module for next 

reception of a start bit 



Sampling data bits 

Shift bits through cy into acc 



Save each reception in temporary 
register 



Update C/C register for next 
sample time 



Error routine for inv^Lid start or 
slop bit or invalid made comparison 



MCS-51 MACRO ASSEMBLER SHPORT 



LOC OBJ 


LINE 




419 


0162 15 DA 11 


419 


uidj it" u 


420 


0167 DODO. 


421 


0169 DOEO 


422 


916B 32 


423 


424 




425 




426 




427 




428 


(i i fir c ") nfl 

U1DL L£ LJ 7 


429 


ftl £c F^nn 


430 


ft] in TF 




n i t> ai 1 1 1 5 

U 1 i £ Hi 1 1 1 J 


432 




433 


0] 75 C3 




niTfi Til r 


435 


n i TO: ^pr. 
U 1 i O t J&D 


436 


fl 1 71 F'iFR 

u i (ft r Jti> 


437 


017C 7401 


438 


fl 1 7F T^FR 

U 1 1 Ci JJfD 


439 


man fsfr 


440 


0182 750B4 9 


441 


0185 DODO 


442 


0187 DOEO 


443 


0189 32 


444 




445 


018A B4494B 


446 


018D 20O81A 


447 


0190 209445 


448 




449 


0193 D208 


450 


0195 754209 


451 




452 


0198 C3 


453 


0199 142C 


454 


019B 25EB 


455 


01 9D F5EB 


456 


019F 7402 


457 


01A1 35FB 


458 


0113 F5FB 


459 


0U5 DODO 


4 60 


01A7 DOEO 


461 


01A9 32 


462 




463 


01AA D54212 


464 




465 


01AD 309428 


466 


01 B0 854140 


467 


Q1B3 D209 


468 


01B5 028F 


469 


01B7 75DBU 


470 


01BA DODO 


471 


01BC DOEO 


472 



MOV CCAP«D, »"EC EDGE 
CLR RCV START BIT 

pop ps«~ - - 

POP ACC 
RET I 



CLR CCF1 

MOV A, CCAPM1 

ANL A, (01111111B 

CJNE A, (NEG_EDGE, RCV5TART1 

CLR C 

MOV A (HALF BIT-LOW 

ADD A 1 , CCAP1E 

MOV CCAPIL, A 

MOV A, (HALF BIT HIGH 

AD DC A, CCAPTH " 

MOV CCAP1H, A 

MOV CCAPM1, (S U TIMER 

POP PSY 

POP ACC 

REU 

CJNE A, (S H TIMER, ERROR 1 
JB RCV START~BIT 1, RCV BYTE_1 
JB PI. I, ERROR— 1- 

SETB RCV START BIT 1 
MOV RCV_COUNT_T, (09H 

CLR C 

MOV A (FULL BIT-LOW 

ADD I, CCAPIL 

twv CCAPIL, A 

MOV A, (FULL BIT-HIGH 

ADDC A, CCAPTH. 

MOV CCAP1H, A 

POP PSY 

POP ACC 

RETT 

DJNZ RCV_COUNT_l, RCV_DATA I 

JNB PI . 4 , ERROR 1 

MOV RCV BUF 1, RCV REG 1 

SETB RCV DORE-1 

SETB TF1~ 

MOV CCAPM1, (NEG EDGE 
POP PSY 
POP ACC 



01/01/80 PAGE 



Port pin used For debug only 
Reset module to JooK for, start bit 
Clear flags wlncn might have been s 



Similar to module 



UCS-51 MACRO 



ASSEMBLER 



SWPORT 



01/01/80 PAGE 1 



LOC 


OBJ 


LINL 


Q 1BE 


32 


413 






474 


01BF 


A294 




OlCl 


EM I 




1C3 


13 


417 


1C4 


F541 










U 1C& 




tan 


1 C 7 


74 2C 


tat 
4B1 


QIC? 


25EB 


482 


01CB 


F5E& 


483 


01 CD 


7402 


484 


01CF 


35FB 


485 


0101 


F5FB 


486 


0103 


DODO 


487 


01D5 


DOEO 


4 86 


01D7 


32 


469 




f n P 


. a 
U 1 D H 


. - 
C^Bb 


491 


01 DA 




jq? 


1DD 






IDF 


nnrln 


494 


n l 


DOEO 


495 


U 1L1 


32 


4 96 






497 






496 






499 






500 






501 






502 






503 


01E4 


C2DA 


504 


Q1E6 


E5DC 


505 


Q1E8 


541F 


506 


OlEA 


B4 1 1 1 5 


501 






508 


01ED 


C3 




01EE 


7415 


510 


oipo 


25EC 


Ml 


C1F2 


F5EC 


512 


01F4 


7401 


513 


01F& 


35FC 


514 


01F8 


F5FC 


515 


01FA 


7SDC49 


516 


01FD 


DODO 


517 


01FF 


DOEO 


518 


0201 


32 


519 






520 


0202 


B4494B 


521 


0205 


20101A 


522 


0208 


209545 


523 






524 


020B 


0210 


525 


020D 


755209 


526 




521 



RET I 

MOV C, PI. 4 

MOV A, RCV REG 1 

RRC A ~ 

MOV RCV_REG_1, A 

CLR C 

nov A, IFULL- BIT— LOW 

ADD A, CCAP1E 

MOV CCAP1L, A 

MOV A, I FULL BIT HIGH 

ADDC A, CCAPIH " 

MOV CCAPIH, A 

POP PSW 

POP ACC 

RET I 

CLR P3.6 

nov CCAPM1, I NEC EDGE 
CLR RCV START BIT 1 
POP PSW~ " ~ 

POP ACC 
RET I 



MODULE 2: CLR CCF2 

MOV A CCAPM2 
ANL A', 1 1 1 1 1 1 11B 
CJNE A, INEG_EDGE, RCVJ 

CLR C 

nov A IHALF BIT-LOW 
ADD ft', QCAP2E 
MOV CCAP2L, A 
nov A, I HALF BIT HIGH 
ADDC A, CCAP2H " 
nov CCAP2H, A 
MOV CCAPM2 f IS H TIMER 
POP PSW 
POP ACC 
RET1 

RCV START 2: CJNE A, IS W TIMER, ERROR 2 



; Similar to module 



JB RCV' START-BIT2, RCV BYTE2 
JB PI. 5, ERROR_2 



SETB RCV START BIT 2 
MOV RCV C0UNT2, IJ9K 



HCS-51 MACRO ASSEMBLER SYPORT 



01/01/00 PAGE 



LOC 


OBJ 


LINE 


0210 


C3 


528 


0211 


7 42C 


529 


0213 


25EC 


530 


0215 


F5EC 


531 


0211 


7402 


532 


0219 


35FC 


533 


02 IB 


F5FC 


534 


C 2 1 : : 


COCO 


535 


021F 


DOEO 


536 


C221 


32 


537 






538 


0222 


D55212 


539 






540 


0225 


309528 


54 1 


i:/2C 


855150 


542 


022B 


D2 1 1 


54 3 


C22 


D2 8F 


544 


022f 


7 5 t>C 1 1 


545 


c / ' j 




546 




DGEO 


547 


0236 


32 


548 






549 


0231 


A295 


550 




E551 


551 


023B 


13 


552 


r: r\. 


F551 


553 




C3 


554 


C-31 


7 4 2C 


555 


0241 


25EC 


556 


0213 


F5F-C 


557 


C21 = 


7402 


558 


0241 


35FC 


559 


0249 


F5FC 


560 


024B 


DODO 


561 


0?1D 


D0EO 


562 


024F 


32 


563 






561 


0250 


C2B7 


565 


0252 


7 5 DC 11 


566 


C2 = = 


C210 


567 


0251 


DODO 


568 


C2 = 9 


DOEO 


569 


025B 


32 


570 






571 






512 






573 






574 






575 






576 






577 






578 






579 


025C 


COEO 


580 


025F. 


C0D0 


581 


0260 


C28F 


502 



RCVBYTE2: 
RCV STOP 2 : 



CLR C 

UOV A, I FULL BIT— LOU 

ADD A, CCAP2L 

NOV CCAP2L, A 

NOV A, (FULL BIT HIGH 

ADDC A, CCAP2H " 

HOV CCAP2H, A 

POP PSH 

POP ACC 

RET I 

DJNZ RCV_COUNT_2, RCVDATA 2 

JNB PI. 5, ERROR 2 

MOV RCV BUF 2, RCV REG 2 

SETB RCV DONE-2 

SETB TF1~ 

UOV CCAPM2 f INEG EDGE 
POP PSK 

POP ACC 
RET I 

MOV C, PI. 5 

UOV A, RCV REG 2 

RRC A - - 

UOV RCV REG-2, A 
CLR C ~ 

UOV A, I FULL BIT-LOU 

ADD A, CCAP2I 

MOV CCAP2L; A 

MOV A, I FULL BIT HIGH 

ADDC A, CCAPZH ~ 

UOV CCAP2H, A 

POP PSY 

POP ACC 

RET1 

HOV CCAPM2, INEG EDGE 
CLR RCV START-BIT-2 
POP PSH 
POP ACC 
RET1 



; This routine simulates the 'Rl' interrupt. When a byte is received on one 
; of the channels/ /.this interrupt is generated. Bits are set so the main 
; routine Vnoya which channel teceiveo a byte. 

RECEIVE DONE: PUSH ACC 
PUSH PSW 
CLR TF1 



AB-41 



o 

CM 




HCS-bl MCRO ASSEUBLER SWPORT 



01/01/B0 PACK 



005 3.20 (038-U) MCS-51 KACBO ASSEUBLER, V2 . 2 
OBJECT MODULE PLACED IN SHPORT.OBJ 

ASSEUBLER INVOKED BY: C:\AEDIT\ASM5I.EXE SHPORT.TR 



0000 

0000 020036 



0033 

0033 0200PO 



0003 
00OB 

0013 

0004 

00OC 

0014 

0034 
0044 
0054 

0035 
0045 
0055 

0036 
0046 
0056 

0031 
0047 



1 
2 
3 

152 
153 
154 
155 
156 
157 
158 
159 
160 
161 

in 

164 
]65 
166 

16: 

169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
119 
180 
181 
1«2 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 



This program tests the transmit routines for the software serial port. 
To initialize the first transmission, the compare values are loaded before 
the RCA timer is started. Successive interrupts are generated every pit 
time by the software timer. 

For test purposes, the data transmitted increments from 00 to FT her 
■Dummy* terminals receive these bytes and display the bytes 35 they 
are incremented. 



ORG 0OH 

LJUP IN1T TXM 



ORG 0023K 

WHP SERIAL-PORT 



ORG 0O33H 

LJUP TRANSMIT 



TXM START BIT 


BIT 


20H.3 


TXtTSTART BIT'l 


BIT 


21 H . J 


txm~start~bit;2 


BIT 


22H.3 


TXM IN PROGRESS 


BIT 


20H.4 


TXH~IN PROGRESS 1 


BIT 


21H.4 


TX1CIN7TROGRESS2 


BIT 


22H.4 


TXM BUF 


DATA 


34H 


TXK'BUF"! 


DATA 


44H 


TXM~BUF_2 


DATA 


54H 


TXM REG 


DATA 


35H 


TXK REG~1 


DATA 


45H 


TXM~ JREG~2 


DATA 


55H 


TXM COUNT 


DATA 


36H 


TXM COUNT 1 


DATA 


46H 


TXMCOUNT 2 


DATA 


56H 


DATA 


DATA 


37H 


DATA" 1 


DATA 


47H 



; Serial part interrupt: 

; PCA software timer interrupt 

VARIABLES USED BY THE SOFTWARE SERIAL PORT 

; Indicates start bit has been 

; transmitted 

; Indicates transmit 15 in progress 

; Software transmit "SBUF" 

; Tempordry register for 
; transmitting bits 

; Counter for t ransmit t i rig bits 



Register used for the test 
program 



u-v 




OCS-51 MCRO ASSEMBLER SYPORT 



01/01/80 PAGE 3 



LOC 


OBJ 


LINE 






. _ . 












2 56 






257 


QQBF 




258 






259 


J U L 


: .. .. . .. 




00 95 


30CC1 6 




00 98 


301424 


262 


009B 




2 6 3 






i 2 r 








0O9D 


C > U J 


ICC 


0Q9F 


0537 


267 


0OAI 


853734 


268 


0QA4 


853435 


269 


QQA7 


153609 


270 


O0AA 


D204 


271 


OOAC 


80E4 


272 






W * 


OOAE 


C20B 


2 71 


00BO" 


QS47 


275 


Q0B2 


854744 


276 


Wi 


854445 


2 71 






270 


oobb 


D20C 


2 7 9 


QQBD 


80D3 


280 






261 


. . 


O 1 




0OC1 


n r r{ 


7 1 


0OC3 








855455 


2 85 


oocl 


755609 


286 


oc:;c 


D2I4 


281 


OOCE 


80C2 


288 






289 






290 






291 






292 






293 


O0D0 


COEO 


294 


O0D2 


CODO 


295 


00D4 


C2DB 


296 


00D6 


3QQ41E 


291 






298 
299 






300 






301 






302 


O0D9 


200307 


303 






304 


OODC 


C2B2 


305 


OODE 


D203 


306 


0060 


Q20QF7 


307 






308 



MAIN TEST ROUTINE ■ TRANSMIT BITS 



JWP TXM_ON_0 

JNB TXM IN PROGRESS r TXLJ ON 

JNB TXfTlN PROGRESS 1, TXM~ON~l 

JNB TXM~1N PROGRESS 2, TXM ON 2 
JMP MAIN TXM 



CLR TXLJ START-BIT-0 
INC DATA 

riOV TXM BUF 0, DATA O 
MOV TXH~REG „7*V~9\)v n 
SSTBTXMRCdWrPROGRIBSHO" 

JMP MA1N~TXH 

CLR TXM STAitT BIT 1 

INC DATX 1 

UOV TXU BUF I, DATA 1 
UOV TXhTREG 1, TXM BUF 1 
MOV TXhTCOUNT 1, I09H ~ 

SETB TXR IN PROGRESS-1 
JMP HAIN~TXK 



; Determine if ready to send 

* next byte. (i.e. transmit 

; "not" in progress) 

; Waiting for "TI" Mao. 

; Clear flag from previous 

; transmission 

,• Load "SBUF" with data byte 

/ data bits t 1 stop bit 



CLR TXU START BIT2 
INC DATX i 

nov TX.M BUF 2, data 2 

88? lWEU'i]%W- 2 

SETB TXR IN PROGRESS 2 
JMP MAUTTXH 



PCA INTERRUPT ROUTINE - TRANSMIT BITS 



PUSH ACC 
PUSH PSti 
CLR CCE3 

JNB TXM IN PROGRESS 0, TRANSMIT 



JB TXM_START_BIT 0, TXM_BYTE_0 

CLR P3 2 

SETB TXU START BIT_0 
JMP TRANSMIT 1 



Clear sfv timer interrupt 
; Check rhich channel 15 
transmitting 



If start bit has been sent, 
continue transmitting data bits 
otherwise transmit start bit 
Siqnify start bit sent 
Check next transmit pin 



AB-41 




A- 13 



Intel 



DOMESTIC SALES OFFICES 



ALABAMA 
tlntel Corp 

5015 Bradford Dr #2 
Hunlsville 35805 
Tel 12051 83 4010 
FAX (205) 837 2640 



ARIZONA 

tlntel Corp 
11225 N £QItn Dr 
Suite D 214 
Phoenix 85029 
Tel 1602)869 49B0 
FAX (602) 869 4294 



SartegaPark 91303 
Tel 18\81 704 8500 
FAX (818) 340 1144 

tlntel Corp 

2250 5 Imperial Highway 
6bSeg3Jr8do 90245 
Tel (213) 6^0 6040 
FAX (213) 640 7133 

lilies Cwp 
1 Siena Gale Plain 
Smie 2B0C 
Roseau? 95678 
Tel (916) 782 8086 
FAX 19161 782BI53 

tlniel Corp 

9665 Chesapeake Dr 

SuHe 325 

Sa.i Diego 92123 

Tel (6191 292 8086 

FAX (619) 292 0626 

(Intel Corp * 

400 N Tusun Avenue 

Suite 450 

Santa Ana 92705 

Tel \714) 835 9642 

TWX 910555 1114 

FAX (714) 541 9157 

tlntel Corp * 
San Tomas4 

2700 San Tomas Expressway 

2nd Floor 

Santa Clara 95051 

Tel 14081 986 8086 

TWX. 910 338 0255 

FAX 14081 727 2620 

COLORADO 
Intel Corp 

4445 North-park Drive 
So«Era0o Springs 80907 
Te (713) 594 6622 
FAX 13031 594 0720 

tlntel Corp * 
650 S Cherry Si 
Suite 915 
Denver 80222 
Tel 13031 321 8086 
TWX 910 931 2289 
FAX (303) 322 8675 



CONNECTICUT 
tlniel Corp 

301 Lee Farm Corporate Park 
83 Woosier Heights Rrj 
Danbury 06810 
Tel (203) 748 3'30 
FAX (203) 794 0339 

FLORIDA 

tlntel Corp 

6363 N W 6th Way 

Suite 10O 

Ft Lauderdale 33309 

Tel (305) 771 0600 
TWX 510 956 9407 
FAX (305) 772 0193 

tlniel Corp 
5850 T G Lee Blvd 
Suite 340 
Orlando 32822 
Tel (407) 240 8000 
FAX 14071 240 8097 

ititeoOarp street Nonh 
Suile 170 

SL Peiersouig 33716 



GEORGIA 

20 Technology Parkway, NY 
Suite 150 
Norcross 30092 
Tel (4041 449 0541 
FAX (4041 605 3762 



ILLINOIS 

tlniel corp " 

300 N Manmgale Road 

Suite 400 

Schaumbutg 601 73 
Tef 17081 605 8031 
FAX (708) 706 9762 

INDIANA 

tlniel Corp 
8777 Pgrdue Road 
Suite 125 
Indianapolis 46268 
Tel (317) 875 0623 
FAX [317, 8758938 

IOWA 

inief Corp 

T930 St Andrews Drive N E 
2nd Floor 

Ceoar Rapids 52402 
Tel (319) 393 1294 

KANSAS 
tlntel corp 
10985 Cody Si 
Suite 140 Biag D 

Overland Park 66210 
Tel 19131 345 2727 
FAX (913) 345 2076 

MARYLAND 

10010 Junction Dr 
Suite 200 

Annapolis Junction 20701 
Tel (301) 206-2360 
FAX (301} 206-3677 
I30D 206-3678 



MASSACHUSETTS 

tlntel Corp * 
Wesrlord corp Cener 
3 Carlisle Road 
2nd Floor 
Westlord 01886 
Tel (508) 692 3222 
TWX 710 343 6333 
FAX (508) 692 786^ 

MICHIGAN 
tlntel Corp 

7,0-m orchard Lake Road 
West Bipomiieid 4& 122 
Tel (313) 851 8096 
FAX (31 3t 851 B770 

MINNESOTA 

3500 W eot'i Si 
Suite 360 

Bloomington 5543 1 
Tel (612) 835 6722 
TWX 910 576 2867 
FAX (612) 831 649' 

MISSOURI 



Sartti Otty 63045 
Tel (314) 291 1990 
FAX (314) 291 4341 

NEW JERSEY 



Parkway 1 09 Office Center 
328 Newman Spnrvjs Road 
Hed Bank 07701 
Tel (201) 747 2233 
FAX (201) 74 7 0983 

tlntel Coip 

280 Corporate Center 
75 Livingston Avenue 
First FlOOr 
floseland 07068 
Tel (20'i 740 0111 
FAX (201, 740 0625 

NEW YORK 

Intel Corp ' 

850 Cross Keys once Park 
Fairport 14450 
Tel (716) 425 2750 
TWX 5102537391 
FAX (716) 223 2561 

tlniel Corp * 

2950 Expressway Li Souih 

Suite 130 

Isiandia 11722 

Tel (516) 231 330C 

TWX 510-227 623E 

FAX (516) 348 7939 

tlntel Corp 

Westage Business ..enter 
Bidg 300 Route 9 
FishkH 12524 
Tel 1914) 897 3860 
FAX (914) 897-3125 

NORTH CAROLINA 



Salesgirl 97606 

Tel [919) 951 9537 



Ohio 

tlniel Corp • 

3401 Park Center Drive 

Suite 220 

Dayton 45414 

Tel (513)890 5350 

TWX 810 45O2528 

FAX (513) 890 8658 

tlntel corp ■ 

25700 Science Par* Dr 

Suite 100 

Beachwood 44122 

Tel 12161 464 7736 

TWX 810427 9298 

FAX ^604} 282 0673 



OKLAHOMA 



6801 N Broadway 

ja City 73162 



OREGON 

Tlniel Cr;rp 

15254 NW Greenbrier Parkway 

Building B 

Beaverton 97005 

Tel (503) 645-8051 

TWX 910-467-8741 

FAX (503) 645 8181 

PENNSYLVANIA 

tlntel Corp . 

455 Pennsylvania Avenue 
Suite 230 

Fort Washington 19034 
Tel (215) 641 iprjn 
TWX 510661 2077 
FAX 12151 641 0785 
tlntel Corp * 
400 PennCenier Bivd 
Suite 610 
Pittsburgh 1 523S 
Te> 14121 823 4970 
FAX 1412) 829 7578 

PUERTO RICO 
timet corp 
Souirr Industrial Park 
P O Box 910 
Las Piedras 00671 
Tel (809) 733 8616 

TEXAS 

Iniel Corp 

991 f Capnal of Texas Hwy 
Auslm 78759 
Tel (512) 794 8086 
FAX (512) 338 9335 



UTAH 

tlntel Corp 

428 Easi 6400 South 

Suite 104 

Murray 84107 

Te) (801) 263 8051 

FAX (801) 268 1457 



VIRGINIA 
tlntel Corp 

1504 Sanla Rosa Road 
SuHe 108 
Richmond 23288 
Tel 18041 282 5668 
FAX 12161 464 2270 

WASHINGTON 



6W«ldffl&28212 



Tlntel Corp ' 
7322 SW Freeway 
Suite 1490 
Houston 77074 
Tel 1713) 988 8085 
TWX 910 BS 1 2490 
FAX (713) 988 3660 



Tel 12061 453 8086 
TWX 910 443 3002 
FAX (206) 451 9556 



Spokane 99206 
Tel (509) 928 8086 
FAX 15091 928 9467 

WISCONSIN 



330 S Executive Dr 

Qumnm 53005 

Tel (414) 764 8087 
FAX (414) 796 2115 



CANADA 



BRITISH COLUMBIA 

Iniel Semiconductor of 
Canada Ltd 
4585 Canada Way 
Sutle 202 
Burnaby V5G 4L6 
Tel 16041 298 0387 
FAX (604> 298 8234 



ONTARIO 

tlniel Semiconductor of 

Canada Lid 

2650 Queensview Drive 

Suiie?5Q 

Ottawa K2B 8H6 

Te (613) 829 9714 

FAX (613) 820 5936 

tlntel Semiconductor of 
Canada Lid 
190 Artwen Dnve 
Suite 500 
Rexoaie Mgw shh 

Te! \4t6\675 2iQ5 
FAX (4161675 2138 



QUEBEC 

Intel Semiconductor of 
Canada Ltd 
620 Si Jean Boulevard 
Pomte Claire H9R 3K2 
Tel (514) 694 9130 
FAX 514 694 0064 
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Intel 



EUROPEAN SALES OFFICES 



DENMARK 

iniei Denmark. A.S 
liiemevei fji 3rd Floor 
2400 Cogerinagen NV 
Tel (45) (31) 1980 33 
TLX 19567 

FINLAND 

Intel Finland OY 
Huosiianl'.e 2 
00390 Helsmk, 
Tel (358) 544 644 
TLX 123332 

FRANCE 

Intel Corporation S A R L 
I Rue Ediso^ BP 303 
78054 St Qupnim en Yvel- 
I«r?de3;3) (^ 30 57 70 00 

tlx eggoit. 



WEST GERMANY 

Intel Semiconductor GmbH* 

Dorrwne' Sirasse 1 

8016 Feldkirchen bei Muenche 

Tel (■191 089 90992 

TLX 5 23i~7 

miel Semiconductor GmbH 

Hon<?n;nllern. Strasse 5 
3000 Hannover 1 
Tel ;49) 051 1 344081 
TLX 8 23621 

Intel Semicoi nJuCICir GmbH 
Abraham Lincoln Strasse IP 16 
6200 Wiesnaclen 
Tel [flSi 06121 7605 

TLX 4 166183 

Intel Si'in. conductor GmbH 

Zeitacrmng I' OA 

70QO s*l nqart yo 

Tf 1-19! 071 1 72B7 280 
TLX 7 264826 



Intel Corporator Haha S p A * 
Milanoliori Palai-tci E 
20090 Assago 



NETHERLANDS 

Intel Semiconductor D V * 
Posterns 84130 
3099 CO Rotterdam 
Tel 131) 10 407 1 1 11 
TLX 22263 

NORWA> 

Intel Nc^ay AS 
Hvamveipn 4 PO Box 92 
2013 Skiener, 
Tel [47i (6) 847 420 
T U 76018 

SPAIN 

Intel Iberia S A 
Zu'baran 2B 
28010 Madrid 
Tel (345 {1 ) 308 25 52 
TLX 4^880 



SWEDEN 

ln;el Sweden A B- 

Dalvagen 24 

171 36 So'na 

Te (461 8 734 01 00 

TLX 122>>< 

SWITZERLAND 

Intel Semiconductor A O 
Zuerichslrasse 

81 85 Wmkel Hueti bei Zuench 
Te (41) 01 860 62 62 
TLX 825477 

UNITED KINGDOM 

iniei Corporation (UK i Lid s 
Pipers Way 

Swindon Wiltshire SN3 1 RJ 
TeL (44r- (0793} 696000 
TLX 4444478 



EUROPEAN DISTRIBUTORS/REPRESENTATIVES 



AUSTRIA 

Bacher f-iecfonics Cmf)t 
Rotenmuehlgasse 26 
1 1 20 Wien 

Tel i4Jl (02221 83 56 4& 

TLX 31532 
BELGIUM 

inelco Beigiu 



i S A 



e Guerre 94 
1 120 Biuxeiles 
Oorlogskrijisenlaan 94 

1 120 Brussei 

Tel (3?) i02) 216 Oi 60 

TLX 64475 or 22090 

DENMARK 

ITT Mulliknmponent 
Nave nana 29 
2600 GlosKup 

lei (45) (O) 2 45 66 4& 
TLX 33 355 

FINLAND 

OY Fmtronic AS 
MelkQnkslu 244 
00210 HeisnKi 
Tel (358* (01 692602? 
TLX 124224 

FRANCE 

Jone indgstrielle a Antony 
48 rue de I Aubepme 

apt $u:Aniorty ceae* 



Hung is cede* 
Tel (33* (1) 49 78 49 78 
TI_X 261585 
MelrOloqie 
Tour Q Asnieres 
4 av LauTenl Cely 
92606 Asnie'es Cede* 
Tel (33! \D 47 9062 40 
rue 61144& 



i ekelec Auugnic 

Cite Oes Bnjyeres 

Hue care Vet net BP 2 

92310 Sevres 

Te" i33M'i 45 34 75 35- 

TLX 20155: 

WEST GERMANY 

Electronic 2000 AG 
Stanlgruberrmg 12 
8000 Muenchen 82 
Tel \4Bi 039.42001 -0 
TLX 521:56! 

ITT MuMikompor.enT GrmjH 
Posrtach 1265 
Bj)rinnofsirasse 44 
7141 Woeghncjen 
Tel (49) 07141 4879 
TLX 726JJ72 

ini Oac'isslueck 9 
6250 Limburg 
Tel (49) 06431 508 
TLX 415257 
Meirologie Grr,DM 
Meglingerslra^ft 49 
6000 Muenchen 71 

Tel (491 089 78042 

TLX 5?i3i89 

Proeleclrpn VehriebS GmbH 

Mar Planck Stra.>se 1 3 
6072 Dreieicb 
T ei 1491 06103 30434 3 
TLX 4 17903 

IRELAND 

Micro Markelmg L'l 
Gienageary Office Park 

Co D%hn 

Tel (2l>\353) (01 > 85 6325 
TLX 3158J 

ISRAEL 

Eastrr 



ITALY 

Divisions ITT industries GmbH 
Vigie Miianoiion 
Palazrv E 5 

20090 ASSrlgO (Ml) 
Tel (391 02 824.01 

TLX 31 I35t 

LsTgi EletlrQinca i p A 

V ie Pulvio Tesn 126 

2[)09? Cmisello Elalsamri ( MI- 

Tel (391 g?.?44CQ12 

TLX 35204G 

Telcorn S , i 

v<a M Civitaii 75 

201 48 M lano 

Tel i39r- 02 4049046 

TIX 335654 

ITT MultiCOmpon ?n'S 

viale Miianoiion I 5 
20090 Assago (Ml) 
- ,331 O2824701 



1351 



s Lid 
11 RozEXiis Streei 
P O 13 3&300 
Tel Aviv 61392 
Tei (972; 03-475151 
TLX 33638 



Va Dei Gracchi .0 
20146 Milano 
Tei (391 02 49961 
TLX 332189 

NETHERLANDS 

Konir.qen Hnnmjn ^ lektrQtechnieK 
B V 

Euergieweg 1 

2627 AP Deltl 

Tel (31! '01 lb 609906 

TLX 382^0 

NORWAY 

NorgisK ElektroriKk (Norge) AS 

Postboks 123 

Smr-rjsvirigen I 

1364 Hvalstagl 

Te (47) (021 04. (\2 10 

TLX 77546 

PORTUGAL 

ATD Portugal LDA 

Rua Dcs LusiadiTj 5 Saia & 

i30GL'St>oa 

Tel (35) (1) 64 8'> 9' 

TLX 61562 



vlinufii BgrntDarda 133 



SPAIN 

AT[> Elecirontca S A 
Plaza Ciudad de V'-ena 6 

TLX 42477 
in SESA 

Calle Miguel Angek 21 3 
28010Maana 

I& 'SUV 41 9 03 67 

Meirijiogia ibenca S A 
Cl'a de Fuencarrai n 80 
28 1 00 Alcobendas (Madnd) 
Tei 1341 (1) 653 86 1 1 

SWEDEN 

Nordih" EleMronik AB 

Torshamnsgaian 39 

Bo* 36 

164 93 Kista 

Tel :46) 06-03 46 30 

TLX 105 47 

SWITZERLAND 



Hertisirasse 31 
6304 Waihsellen 
Tel [41 > (01) 832811 1 
TLX 56788 

TURKEY 

Eirir^w^mg'r'ass'e 95 A 
8QO0 Muenchen 2 
Te (49) 099 53 80 570 
TLX 528573 

UNITED KINGDOM 

Accenv Electronic Components 
Jubilee H^iyse Jubilee RcaQ 
Lelchworin Heri& SG6 hl 
Tei (4i) (0462j 68666fi 
Tlx 826293 



Bytech Comway Systems 
3 Tne Western Cenire 
Western Road 
Bracknell RG12 1RW 

Tel (44) (0344) 55333 
TLX 847201 

vestry Estate 

Qilord Hoaa 

Sevenoaks 

Keni TNI 4 5EU 

Te (44j (0732) 450144 

TLX 95142 

MMD 

Linri 8 Sot)lhview Park 
Caversham 
Berkshire RG4 OAF 
Tel (44) (0734) 481 666 

Rapid Silicon 
Rapid House 
Denmark Sireet 
High Wycombe 
Buckinghamshire HP1 1 2EH 
T e | \4 4) (0494) 442266 

TLX 637931 

Rapid Systems 
Rapid HOyse 
Denrnark Street 
High Wycombe 
Buckinghamshire HP1 1 £EFi 
Te 1 (44) 10494) 450244 

TLX 8379J1 
YUGOSLAVIA 

HHt Microelectronics. Corp 
2005 de a Cruz Bivy Ste 223 
Sams Clara CA 95050 

TJeS Al) (4IJ8I 988 0286 

TLX 397JB2 

Hap^do Elecuonic Components 
Spa 

Via C Oeccana. 8 
34133 Trieste 
Italia 

Tel (39) 04D.-360555 
TLX 460461 



CG.SAI.E 01 1390 



Intel 



INTERNATIONAL SALES OFFICES 



AUSTRALU 

Intel Australia Pry Ltd* 
Spectrum Building 
200 Pacific Hwy Level 6 
Crows Nest, NSE 2065 
Tel 612-957 2744 
FAX 612-923 2632 

BRAZIL 

Intel Semicondulores do Braz'" LTDA 
Av Paulista 1159 CJS 4Q1 405 
0131 i Sa Paulo $ P 
Tel 55 1 1-287-5899 
TLX 391 11531 46 'SDB 
FAX 55 II 2875119 

CHINA/HONG KONG 

Inie. 1 PRC Corporation 
>5 f Office 1 CHicBidtj 
Jian GUO Men Wa Street 
Bering PRC 
T$l (1f 500 4850 
TLX 22947 INTEL CN 
FAX (i) 5002953 
Intel Semiconductor Lid * 
io F East Tower 
Bona Center 
Queensway Central 



INDIA 

inieiAsia Electronics Inc 
4 ? Samrah Plaza 
St Marks Road 
Bangalore 560001 
Tel 01 1 91 612 215065 
TLX 95'3 84528 75 DCBY 
FAX 091 812215067 



JAPAN 

Intel Japan K K 

5 6 Tokodgi Tsukuba s'» 

lua/aki 300 26 

Tel 0298 47 851) 

TLX 3656 160 

FAX 0298 i 7 8450 

Intel Japan KK* 
DancniMitSug.Rlrjq 

1 8889 Fuchu cho 
Fuchui shi Tokyo 183 
Tet 0423 60 7671 
FAX 0423 60 0315 

Intel Japan k k ' 
Blag Kumagaya 

2 69 Hon cho 

Kumagaya shi Saitama 360 
Tel 0485 24 6871 
FAX 0485 24 751@ 



Inttl Japan KK * 

MHiut Seimei Miisashi kosugi I 

91: Shinmaru^o Nakalaraku 

Kawasaki shi Kanagawa 211 

Tel 044 733 70H 

FA< 044 733 70)0 

ln((4 Japan K K 

Nir on Seimei AtSuCjh Bldg 

1 7 1 Asah* machi ' 
Aisugi shi Kanagawa 
Tel 0462 29 3731 
FAX 0162 29 3781 
Intel Japan K.K* 
Ryokuchi Eki BlcJg 

2 4 1 Terauchi 
Toyonaka sni Osaka 560 
Tel 06 863 1091 

FAX 06 863 108<» 

lni.;h Japan KK 
Shinmaru BlOg 
1 f i Marunoucrit 
Cr-iyoaa kj Tokyo 100 
Te 03 201 3621 
FAX 03 201 6850 

Inlsf Japan K K 

Gr^en Bldg 

1 -620 Nishik' 

Naka ku Nagoya ift. 

A'Ch 450 

Tei 052204 126> 

FAK 052 204 1285 



KOREA 

Intel Technology Asia Ltd 
ifiin Floor Life Blag 
61 YoirJo-rJong YoungrJeungpo-Ku 
Seobl l 50010 

Tel (2; 784 8186 8286 8386 
T U K2931? INTELKO 
FAX (2) 784 8096 



SINGAPORE 

Intel Singapore Technology Ud 

101 Thomson Road #21 05 06 

United square 

Singapore 1130 

Tel"250 7811 

TLX 39921 INTEL 

FAX 250 9'256 



TAIWAN 

Jnt?i Technology Far East Ud 
8th Floor No 205 
Bank Tower Bldg 
Tung Hua N floarj 

Tel 886 2 716 9660 
FAX 886 2 717 2455 



INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES 



ARGENTINA 
Daisys S R L 
Chacabuco- 90 6 Piso 
'069 Buenos Aires 
Tel 54 1 334 7726 
FAX 54 i 334 1871 

AUSTRALU 

Email Electronics 

15 17 Hume Sfeet 

Hunlmgoaie 3\66 

Tel Oil 61 3 544 8244 

TLX AA 30895 

FAX 01 I 61 35438179 

NSD Australia 
205 Middleborough HrJ 
Bex mil Viclona3>2a 
Tel 03 8900970 
FAX 03 8990819 

BRAZIL 

EleCra Microelecironica SA 
Hua Geraida Flausina Gomes 78 
7 AnrJar 

04575 Sao Paulo SP 
Tel 55 1 1 534 96^1 
TLX 55 1 1-54593/54591 
FAX 55 1 1 534 9424 

CHINA HONG KONG 

Novel Precision Machinery Co Lid 

Fiai D 70 Kmgslord Ind Biag 

Phase t 26 Kwai Hei Street 

N T KowlDon 

Hong. Kong 

Tel (852> 422 3222 

TWX 391 1 4 JINMI HX 

FAX (852] 426 i§02 

INDIA 

Micronic Devices. 
Arun Complex 
No 65 D V G RoaJ 
Basavanagudi 
Bangalore 560 004 
Tel 011 91 312600631 
OM 91 812611 365 
TLX 9538458332 MDBG 



Micron'C Devices 

NO 5165th Floor 

Swasnk Chambers 

Sion Trombav Road 

Chembur 

Bombay 400 071 

TLX 9531 I 71447 MDEY 

Micronic Devices 
25 8 1st Floor 
Bada Bazaar Marg 
Old Haimder Nagar 
New Delhi 110 060 
Tel 011 91 I, 5723509 

011 9< 1 t 589771 
TLX 031 63253 MDND IN 

Micronic Devices 

6-3 348/12A Dwarakapun Colony 

Hyderabad 500 482 

Tel 011 91 842 226748 

S&S Corporalion 
1567 Kooser Road 
SanjQ5e CA 95118 
Tel ,4081 973 6216 
TLX 820281 
FAX (4001 978 8635 



JAPAN 

Asahi Eieci.-onics Co Ud 

KMM Blflg 2 14 1 Asano 

Kokurakna ku 

Kiiakyushu shi 302 
Tel 093 51 1 6471 
FAX 093 551 7861 

C Hon Techno Science Cq Ltd 
4 Q l Dopashi Miyamae ku 
Kawasaki shi Kanagawa213 
Tel 044 852 5121 
FAX 044 877 4266 

Q<3. Semicon Sysiems |nc 

Flower Hill Shmmachi Higashi kan 

l 23 9 Shmrnacni Seiagaya ku 

Tokyo 154 

Tel 03 439 1600 

FAX 03 439 1601 



Oaya Koki 

2 41 a Sakae 

Ni-ka ku Nagoya shi 460 

Tel 052 204 2916 

FAX 052 204 2901 

HyOyo Electro Corp 
Kcnwa Bldg 
I-I2-22 Tsukiji 
ChuGnu. Tokyo 104 
Tel 03-546-5011 
FAX 03-546-5044 

KOREA 

J Tek Corporation 

61i Floor Government Pension Biag 

24 3 YoirJQ Pong 

Ydungdeungpo-ku 

S«:Oul 150-010 

Tel 82 2 780-8039 

TLX 25299 KODIGIT 

FAX 82-2-784-8391 

Samsung Eiec"yn<cs 
U.Q Taepyungro 2 KA 
Cnungku Seoul 100 102 
T(fI 32 2 751 3985 
TlX 27970 KORSST 
FmX 82 2 753 0967 

MEXICO 

SSB Eleciromcs. Inc 

675 Pabmar street Bldg 4 Suite A 

Ciula V.sia. CA 9201 I 

Till |6!9} 585 3253 

Tl_X 287751 CBALL UR 

FfX (619) 585-8322 

Dcope S A 

TochUi 368 Fracc Ino San Antonio 

A,:capolzalco 

C P 02760 Mexico D F 

Tti 52 5 561 3211 

Tut 177 3790 DiCQil.e 

FAX 52 5 561 1279 



C.jernavaca Moreio c 
T.il 52-73-13-9412 
FAX 52 73 17-5333 



NEW ZEALAND 

Email Electronics 
3b Oli^e Road 
Penrose Auckland 
Tel 0U 64 9 591 155 
FAX 01 1 64 9 592 681 

SINGAPORE 

Electrode Resources Pie Ud 
17 Harvey Roaa #04 01 
Singapore 1336 
Tel 283 0888 
TWX 5fiLj41 ERS 
FAX 2894327 



SOUTH AFRICA 

Electronic Building Elements 

1 79 Erasmus Street (off Watermeyel Sire 

Meyerspark Pretoria 0184 

Te: 011 2712 803 7680 

FAX 011 2712 803 8294 



TAIWAN 

Micro Electronics. Corporator 

5F 537 Ming Shen Earl Rd 

Tat Mi HOC 

Tel 886 2 501 8231 

FAX 886 2 505 6609 

Sertek 

15 F 135 Section 2 
Cruen Juo Nonn Ha 
Taipei 10J79 HOC 
Tel IO?f 5010055 
FAX (02) 5012521 
(02 j 5058414 



VENEZUELA 

P Uenavid^sSA 
A" lanes a Rjo 
HpSidenoa Kamarata 
Locale* 4 At, 7 

La Candelana Caracas- 
Tel 58 2 574 6338 
TLX 28450 
FAX 58 2 572 3321 
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UNITED STATES, Intel Corporation 
3065 Bowers Ave., Santa Clara, CA 95051 
Tel: (408) 765-8080 

JAPAN, INTEL Japan K.K. 
5-6 Tokodai, Tsukuba-shi, Ibaraki, 300-26 
Tel: 0298-47-8511 

FRANCE, Intel Corporation S.A.R.L. 
1, Rue Edison, BP 303, 78054 Saint-Quentin-en-YvelinesCedex 
Tel: (33) (1)30 57 70 00 

UNITED KINGDOM, Intel Corporation (U.K.) Ltd. 
Pipers Way, Swindon, Wiltshire, England SN3 1RJ 
Tel: (44) (0793) 696000 

WEST GERMANY, Intel Semiconductor GmbH 
Dornacher Strasse 1 
8016 Feldkirchen bei Muenchen 
Tel: (49) 089/90992-0 

HONG KONG, Intel Semiconductor Ltd. 
10/F East Tower, Bond Center, Queensway, Central 
Tel: (852) 844-4555 

CANADA, Intel Semiconductor of Canada, Ltd. 
190 Attwell Drive, Suite 500 
Rexdale, Ontario M9W 6H8 
Tel: (416) 675-2105 
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